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Effect of combined application of humic acid and nitrogen fertilizer on 
nitrogen uptake, utilization and yield of winter wheat 
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WANG Zhiyong’, NIU Junyi 


(1. College of Agronomy, Gansu Agricultural University, Lanzhou 730070, China; 
2. Henan Soil and Fertilizer Station, Zhengzhou 450002, China) 


Abstract: Studies on the effects of combined humic acid and nitrogen fertilizer application on nitrogen (N) uptake, utilization 
and yield of winter wheat can provide theoretical basis for increasing the productivity of N fertilizers and reducing N fertilizer 
pollution in the winter wheat-summer maize rotation cropping system. A field experiment was conducted in 2014 at Wolong 
District in Nanyang City, Henan Province, an area with a predominant winter wheat and summer maize rotation cropping 
system and drab soils. The experiment was consisted of 6 treatments — no N fertilizer (only P and K fertilizers), conventional 
fertilization (P and K fertilization with N application rate of 180 kg-hm™), single humic acid (3 000 kg-hm™), conventional 
fertilization plus humic acid, conventional fertilization with 15% less N plus humic acid and conventional fertilization with 
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30% less N plus humic acid. The characteristics of yield and N fertilizer utilization of winter wheat under different fertilization 
modes were analyzed. The results showed that combined application of humic acid and N fertilizers increased winter wheat 
yield, and promoted N accumulation and utilization rate. Among treatments, the treatment of conventional fertilization with 
15% less N plus humic acid treatment had the best effects. Winter wheat yield, grain N content, grain N accumulation, 
aboveground total N accumulation, N use efficiency and net income increased. Compared with conventional fertilization, yield 
increased by 4.96%, N use efficiency by 23.42% and net income by 2.18%. However, the 30% less N treatment reduced winter 
wheat productivity and revenue. Thus, on the basis of the application of humic acid, the appropriate dose of N fertilizer was 
recommended to ensure high productivity and income. The conventional fertilization with 15% less N plus humic acid was the 
best fertilization mode in the study area. The results are beneficial for improving productivity efficiency of agricultural, 


resources and environmental protection. 


Keywords: Humic acid; N fertilizer; Winter wheat; Yield; Nitrogen uptake; Nitrogen fertilizer use efficiency 


(RSPR NRE”, RES F(t HAE A 
HAS (EAS) 1/3"), 2, BRRERBA 
ABBY SEA IMA 30%~35%""1, ({EABIRAARIZ 
WHEREIS, ARIF col. Alt, DA 
FEA. tee RCH ASA Er ewe Ki 
NiMAR¢ARSASEAX |, BRBSMER 
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MAE Ett! |, SERRA SHAEBA, WH 
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RBE O. AER SRIAS ha BE et EOE 
KRENAR, HEARR, EEA X 
WARA: SMS A. ACHE a hE (Triticum 
aestivum) Œ 305.60 kg-hm”, Stee S BAP Ac eae 
eA (Glycine max) B 261.90 kghm’, AYA, 
it FA IS R I SATE BS (Medicago sativa) P 2A m 
ANAS AER; MES MARA, Bt 
BAC REAR EH EMEKAR. HAS EK (Zea 
mays) Æ, WRRESRARHH7, HERA. ACh 
BABA Lhe AB GAS KRE 
TRAV (ERR, RRERIAEMEK, fee m 
mh, ERBEARKRALWABABA'O, 

MP Ae tK SKE SSHRRESR, = 
)PFRERESHMBE. CPANRERRRS 
SAF RAH ICMANSVBERK, HA AR E 
FRAC HE ACHLAB SSFP Ne, DRE 
ALR ot XAG SHE DL IRIS. AY, RBA Siwy 
BY ES RE TF Fe BAY EMER hE SEAN (EH 
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Rete Ete. 
1 MESA 
1.1 Weigit 

Wie F 2014 F(ABI EREE 3 PHEA 
PABATHE WK Se RRR NT, HERNE 
+, EF MAEK, EXMRERARSBAA, # 
ES SAMA TARR, Wea 0~20 cm LE 
TEHBIBIEMIKD SIA: pH 6.57, WAER 69.97 mgkg', 
TROBE 23.57 mgkg', GRIEF 84.25 mg-ke', BA 
H 11.32 gkg 

iO INTERAC, 12 6 SAME, BN: 1) 
We BE BN 22 HRSA AG(T1); DAE, SES RAGE 
ZiR 180 kg-hm*(T2); 3) HS HAE 3 000 kg-hm°(T3); 
4) AHA + eR, SE BHAA 180 kg-hm”, 
FC HFS HERE 3 000 kg-hm~(T4); 5) AUER 15%+ 
RIR, SEBRA 153 khm”, ACHR 
3 000 kg-hm °(T5); 6) ALABAMA 30A, SH 
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EmA AX 16’. RIVALS do PALL A PRR (46%), 
BEAR Ait BB ES(&] P.O; 12%), FARA Biba 
K-O 60%); RERE: pH A 4.74, BYUAA 809.2 gkg”, 
BRA 7.6 gkg’, SBA 3.8 gkg', SHA 2.3 gkg', 
ist 3% h PAE FA BY A E R h a A ARLA RA 
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BR T3 SMBS REON, BRT ANET 
T2, T4, T5, TOS BABE A SA PO; 90 kg-hm™, 
HEREZH KO 75 kg-hm’, AERE RIE ha 
A. BA T2, T4 T5, To ANEH RAB BB 
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it 5 BN HELE SK FA Microsoft Excel 2003 #1 SAS $R 
FETAN o 
2 BRS 
21 BeRSARACHNS Er ERER 

Fe a O) 

WAEA RFA 1), PEE 2014 EAD 
2015 FMENFHRMERAHSASI FBS: 
T5>T6>T2>T4>T3>T1, T5 WEES SFA ae, 
Tl QHPS RFR: BURA HySwm: 
T5>T6>T4>T2>TI>T3; F ERR: T5>T6> 
T4>T2>T3>T1. HALET, HANMER RFF 
EAS, RS AAA FEE, Be, 
DATS ERE RRS FIRMR. BR. F 
MEM PSB HK T2 AEDA A 2.97%, 1.30%, 0.62% 
All 4.96%. FAM, T6 EB FE FIR MR, Fa, 
FEB, PSSA MART T2 A T4 ME, 184185 
F T5 Nhe. 
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Table 1 Effects of different fertilization treatments on yield and it’s component of winter wheat 
E Sh TB Bm FERLA THE fs 
Year Treatment Ears (x10*-hm °) Grains number per ear 1000-grain weight (g) Yield (kg-hm™) 
2014 Tl 467.52+7.38¢ 29.34+2.05ab 49.06+3.56b 5 986.62+67.03c 
T2 538.06+9.03ab 34.08+2.82a 56.52+4.06a 8 169.223+38.49b 
T3 517.91+13.59bc 26.89+3.68b 48.54+2.81b 6 086.29+50.95c 
T4 528.46+4.59b 33.92+1.59a 55.85+3.08a 8 406.95+52.03ab 
T5 557.64+8.06a 32.89+5.68a 54.62+1.96a 8 609.56+448.26a 
T6 536.92+10.25ab 34.02+2.03a 55.92+3.02a 8 269.53+48.67b 
2015 Tl 472.52£11.59b 30.73+1.09b 51.37+2.10b 6 063.14+39.06d 
T2 528.66+9.57a 32.32+3.47ab 53.68+1.06b 8 415.11475.94ab 
T3 536.31+8.67a 30.88+1.86b 51.4142.06b 6 851.40439.46c 
T4 534.09+9.56a 32.68+2.09ab 54.58+2.73a 8 202.17+47.61b 
T5 540.75+6.92a 34.38+1.09a 56.25+2.03a 8 797.25+49.20a 
T6 533.13+6.50a 32.79+2.56ab 54.60+1.98a 8 519.80+63.09ab 
2014 FAN 2015 T1 470.02+13.85c 30.03+5.12b 50.22+3.58b 6 024.88446.23d 
EF T2 533.36+14.23b 33.20+4.81la 55.10+5.26a 8 292.17+38.42b 
Average of 
2014 and 2015 T3 527.11+9.08b 28.88+6.57b 49.97+1.87b 6 468.85+55.07c 
T4 531.28+10.01b 33.30+3.89a 55.22+4.67a 8 304.56+49.34b 
T5 549.19+18.23a 33.63+6.55a 55.44+2.52a 8 703.41+53.29a 
T6 535.03+17.54b 33.41+6.59a 55.26+3.20a 8 394.67+50.80ab 


2 


Tl: PHAI, SB RARE POs 90 kghm”’, K075 kg-hm”’; T2: WARE, £A EHE N 180 kg-hm’, P205 90 kg-hm ~~, K20 75 kg-hm ”; 
13:25 fe SHAE 3 000 kg-hm™’; T4: HALIER HABE 3 000 kg-hm™; T5: BALHAM 15% + KS HR 3 000 kg-hm™’; T6: BAA MA 30%+S 
HERE 3 000 kg-hm”. AME SRADSFARNE 0.05 KFHRZS. Tl: application of 90 kg-hm” P.O; and 75 kg-hm~’ K,O without N 
application; T2: conventional fertilization, application of 180 kg-hm™” N, 90 kg-hm™ P205, and 75 kg-hm™” K20; T3: application of 3 000 kg-hm~ 
humic acid; T4: conventional fertilization + 3 000 kg-hm™ humic acid application; T5: conventional fertilization with 15% nitrogen reduction + 
3 000 kg-hm~ humic acid application; T6: conventional fertilization with 30% nitrogen reduction + 3 000 kg:-hm~ humic acid application. Different 


letters in the same column mean significant differences at 5% level. 
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Fig. 1 Effects of different fertilization treatments on nitrogen 
contents of different parts of winter wheat plant 

Tl: PHRA, 24 SHARE P.O; 90 kghm”, K220 75 kg-hm”; 
T2: $A, 24 BAHAR N 180 kg-hm™”, P.O; 90 kg-hm™, K,O 
75 kg-hm”; T3: he BS ta 3 000 kg-hm”; T4: SAU HBAE+ ER 
3 000 kg-hm™; T5: ALEALEA 15%+ SABE 3 000 kg-hm™; T6: 
EEIE A 30%+ FS 3 000 kg-hm’, ARRE 2014 FA 
2015 FHF, Ke)SFRAT EME BUA ial ze 
$23 (P<0.05)o T1: application of 90 kg-hm” P205 and 75 kg'hm” KO 
without N application; T2: conventional fertilization, application of 
180 kg-hm” N, 90 kg:-hm™ P,Os, and 75 kg-hm™ KO; T3: application 
of 3 000 kg:-hm™ humic acid; T4: conventional fertilization + 3 000 kg-hm~ 
humic acid application; T5: conventional fertilization with 15% nitrogen 
reduction + 3 000 kg:-hm™” humic acid application; T6: conventional 
fertilization with 30% nitrogen reduction + 3 000 kg-hm” humic 
acid application. Figure data are mean value of 2014 and 2015. 
Different lowercase letters indicate significant differences under 
various treatments in the same part of plant at P < 0.05. 


FAA 2 JA, REARS SSB ERA 
RAS SRB AN: T5>T6>T4>T2>T3>T1, HAM 
FE(T2, T4 T5, 16) Bist AA UIE(T3, T1)0 
Bh, T3 MHS UNAARARR Set Tl MB, 
{BEE RAK BB 7K (P<0.05); T2, T4 T5 F T6 Ah 
ER T EM MARRS, SARS EEN 
ASA 88.49%~143.77%AFl 80.71%~114.89%. in PAHE 
RARANAARERHBKS 3 BHNARARE, 
TEHE AE NARRE, SHRRBRA 
FEE. 
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2 AE hE AB SA SB A E EE R AR R AO 9} Bc BY) 4 Mi 
Fig.2 Effects of different fertilization treatments on N 
accumulation and allocation of winter wheat plant 

Tl: PRAE, £E SHAME P.O; 90 kg-hm?, K,O 75 kghm?; 
T2: FALE, 2 BEAM N 180 kghm”’, P,O; 90 kg'hm™’, K,O 
75 kghm?; T3: % eS HEB 3 000 kghm?; T4: RLHAG+ AS EE 
3 000 kg-hm™; TS: ALIER A 15%+ SHEER 3 000 kg-hm”; T6: 
E AERA 30%+ HER 3 000 kg-hm*, APRE X 2014 FA 
2015 FHF; FANE FERTA — MERA EAE 
FEŻ (P<0.05). T1: application of 90 kg'hm” POs and 75 kg'hm”? 
KO without N application; T2: conventional fertilization, application 
of 180 kg:-hm~ N, 90 kg'hm”? P20;, and 75 kg'hm” K20; T3: 
application of 3 000 kg'hm”° humic acid; T4: conventional fertilization + 


3 000 kg'hm? humic acid application; T5: conventional fertilization with 
15% nitrogen reduction + 3 000 kg'hm™° humic acid application; T6: 
conventional fertilization with 30% nitrogen reduction + 3 000 kg'hm? 
humic acid application. Figure data are mean value of 2014 and 
2015. Different lowercase letters indicate significant differences 
under various treatments in the same part of plant at P < 0.05. 


T4, T5, T6 AARI ARARE, BARKS 
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Aes, EMAER TS AERA 15%) MR RE, 
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Rt RAF HY BAR. 
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Table 2 Effects of different fertilization treatments on nitrogen fertilizer utilization efficiency of winter wheat 
MEE ARET RIEKER EERE SAE Fl) FAK SE 
Treatment Partial factor productivity Agronomic soma! Nitrogen contribution Recovery efficiency 
of N fertilizer (kg'kg` ) of N fertilizer (kg'kg` ) efficiency (%) of N fertilizer (%) 
T6 64.24+9.25a 16.43+3.58a 34.35+5.96bc 53.21+6.89ab 
T5 56.8947.62b 17.51+4.25a 44.46+8.56a 58.14+7.28a 
T4 46.13+6.59c 12.66+3.98b 37.84+7.23b 36.16+4.96c 
T2 46.0748.94c 12.60+1.59b 37.63+4.59b 34.7243 .99¢ 
T3 — = = — 
Tl = = = = 


Tl: RHR, 2H BHAA POs 90 kghm™”, K.0 75 kg-hm™~; T2: WAUH, £ SHARE N 180 kg-hm™, P205 90 kg-hm *, K,0 75 kg-hm™; 
13: AHS ARE 3 000 kg-hm™; T4: SHLARAL +E ABBE 3 000 khm’; TS: HAILA 15% +E HERE 3 000 ke-hm™; T6: BHLARAL IMAL 30% +4 
HERR 3 000 kg- hm”. AWM NS FARM E 0.05 KEES LE.TI: application of 90 kg-hm~ P205 and 75 kg-hm~ K20 without N application; 
T2: conventional fertilization, application of 180 kg-hm™ N, 90 kg-hm™ P205, and 75 kg:-hm™~ KO; T3: application of 3 000 kg-hm™ humic acid; T4: 
conventional fertilization + 3 000 kg-hm” humic acid application; T5: conventional fertilization with 15% nitrogen reduction + 3 000 kg-hm ~~ humic acid 
application; T6: conventional fertilization with 30% nitrogen reduction + 3 000 kg-hm™~ humic acid application. Different letters in the same column 


mean significant differences at 0.05 level. 


REA 30%HI RF FE ALE A FEB PTB, (BS 
FS AN AB AA 
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T6>T4>T2>T3>T1, 4k} A: TS5>T2>T6>T4>T3> 
Tl, (2 RIED BAAN: T2>T5>T6>T3>T4> 
Tl. WAWARTA EARANN, A 
UW aot FO = HZ EE 


CEPT EE PRA 15% BC AS Ne Ah EY A 
MAARA, Patt Ti T2 T3, T44 T6 
= 44.46%, 4.96%, 34.54%, 4.80%Al] 3.68%, 241K 
Ek T1, T2, T3, T4 #1 T6 $ 52.57%, 2.18%, 
36.44%, 10.66%] 3.89%, HÆF ARAK (P<0.05) 
BERA IAR SMS NAP (SAI. AF 
Te StS MT RARAMAHRA, Bic 
WEE BB BY P= eE F CAG BD Bs A A SB ER 
ETAD, TS MFR BN et 15% HC eS He EAST KIR 
meALAME 
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Table 3 Effects of different fertilization treatments on economic benefit of winter wheat 


MSE rs re RARA EIA ARA Elea Fie 
Treatment Yield. Yield value , Agricultural Other inputs Total inputs Net aome Ratio of output 

(kg-hm~) (¥-hm~) inputs (¥-hm~) (¥-hm~) (¥-hm~) (¥hm~) to input 

T1 6 024.88d 3 254.74d 825 4 800 5625 7 629.7f 1.36c 

T2 8 292.17b 8 242.77b 1451 5 400 6 851 11 391.69b 1.66a 

T3 6 468.85c 4 231.47c 900 4 800 5 700 8 531.47e 1.50b 

T4 8 304.56b 8 270.03b 2 351 5 400 7751 10 518.95d 1.37c 

T5 8 703.4la 9 147.50a 2.257 5250 7 507 11 640.33a 1.55b 

T6 8 394.67ab 8 468.27ab 2 163 5 100 7 263 11 205.01c 1.54b 


Tl: PRAA, SB RARE POs 90 kghm”’, K0 75 kg-hm”’; T2: WAE, 4 SHAME N 180 kg-hm~, P205 90 kg-hm ~, K20 75 kg-hm ~; 
13:28 Hit FS HEEB 3 000 kg-hm™~; T4: SS HUEAE+HS ABBE 3 000 kg-hm™; TS: FEHLABAB IL 15%+ FE HERE 3 000 kg-hm™; T6: HAUER 30%+ 
FERE 3 000 kghm” RPAGEN 2014 FA 2015 SH FE; RARA CIMT ALERA, HH, RRA 1.6 Tke!, WRB 0.6 Tkg', 
SALS 3.0 woke |, HSH 0.3 Toke’. HHA DIBA A LEA, 2015 FRNSHIAIMBA 2.2 ke. AWMEETRADSS 
ARATE 0.05 KFLER GE. Tl: application of 90 kg-hm~ P20; and 75 kg-hm~ KO without N application; T2: conventional 
fertilization, application of 180 kg-hm™~ N, 90 kg-hm™~ P205, and 75 kg-hm~ KO; T3: application of 3 000 kg-hm™~ humic acid; T4: conventional 
fertilization + 3000 kg-hm™~ humic acid application; T5: conventional fertilization with 15% nitrogen reduction + 3 000 kg-hm™” humic acid 
application; T6: conventional fertilization with 30% nitrogen reduction + 3 000 kg:-hm™~ humic acid application. Table data are mean value of 2014 and 
2015. Agricultural inputs include inputs of seeds, fertilizers and pesticides. The prices of urea, superphosphate, potassium chloride and humic 
acid are 1.6 ¥-kg™', 0.6 ¥ kg”, 3.0 ¥kg™, 0.3 ¥kg™', respectively. Other inputs include machinery and manual inputs in operation, straw to field. The 
price of wheat is 2.2 ¥-kg™! in 2015. Different lowercase letters in the same column mean significant differences at 0.05 level. 
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HERKEN, P, KAD AIK, (RACE 
#F AL AN $e BY 48 ee AEE, BD ERR INA 
AiR DAHARAAD EH, ARAR RA, 
AAA eee aS)SZSRBAaS, HM 
fees )SSRERBARAMRS. TAEAE h ih 
Lathti—-ESN BERBERS Sas )SSaB 
Ags, ties )SSBBARAMS, HE 
{edt Ae AF AES AS, PRES. HH, MAG 
ARARS, EMERARA. HAARA 
TEAC LAL 15 HCH ER 000 kg-hm hA RRI, 
AYNABE, FUARR SAAN AMS 
Smt SHALE. AR i e RAEE A tE E E 
ALF FS. XARA A A Shh aR 
HEERA, RS. RESA KUM, 
ARE RUA ARE SASS eR GENSE 
tS, BSA RA AAAS. AAP. A 
FRR FMA AAEM HSEMRRM. KAR 
ACFE RA: AACR ARM 12.60~17.51 kg-ke 
A AL FY FA SE 34.72%~58.14%. HAEA E 7 46.07~ 
64.24 kg-kg FRIE AK E34.35%~44.46%, RA Hh 
AA ee), TBAT RAE SBA 


AAS F FASS. AAFAIAIO AI AS ER 
RE AY Ac he BAB BE, 126~180 kghm”, Peta 
(et T ARN RIAA, BIMES RER EA A 
AM KNS)\SKF SNRDRASAMRE, AE 
BUA TT SH BY FSS AE A AMR. IK 
PAA eRe S REMER RMS Sar. BR, 
TIARAS IED EY BS SHE 

WRRDRANHS LAMA, MERA 
EBAR, REBNReEATAWA AAA, MA 
TEAL NAB ISIE T REWS Ar MAM. MK 
i, ALBA a 15% +S HEEE3 000 kg-hm “XA EBBY 
FENAKAmRe, HERAZI00NRFERAS 
ZÆ EMKA. FAA, RAB 
Ae AY Sot | AC eis BY AE eS BERS a AI 
eR eae 

ee EP: ER)\SCLHRtEr H, AEREA 
AC ACHEA HS DEWEKE, BAAK) 
ZWMER. kahr sa, EHAR 
ARRAS AACA. Hep, LATA 
15% +) HERE 000 kg-hm “MEM R RIE, KE 
AE FEKAR, RALMANAR, RPM 
NBA. Ali, EMRE pace SA 
RIER, WHE RR. ARTALMSAA 
+H BENE 
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